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F i g . 2.1 Catchment l o c a t i o n 
2-2. 
Key to surface geology 
Metalliferous Lodes 
Granite of finergrain 
-'''l Granite 
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F i g . 2.2 Surface geology of the Loe Pool catchment 
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F i g . 2.4 Changes i n the area of open water, Loe Pool, 
from 1701 to 1980. ' 
2-5^ 
River Cober 
Penrose 
Stream 
Figures indicate depth in 
metres below lalce surface 
0 500 metres 
Depth below Metres CD. 
lake surface 
in metres 
0.00 3.81 ( 12.5') 
1.52 2.29 ( 7.5') 
3.05 0.76 ( 0.25') 
4.57 0.76 ( 0.251 
6.10 2.29 ( 7.5') 
7.62 3.81 ( 12.5') 
9.14 5.33 ( 17.5) 
10.67 6.86 ( 22.5') 
F i g . 2.5 Isopleth map of Loe Pool 
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F i g . 2.6 Catchment drainage network 
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F l g . 2.7 Catchment raingauge locations 
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F i g . 2.8 
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Wendron (SW677307) Altitude UOm 
Mean Monthly Rainfall 1961-70 
Rainfall (mm) 
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F i g . 2.9 
population 
acres - 4 0 0 0 
- 3 0 0 0 
Report upon the proposed municipal boundary 
of the Borough of Helston, 1836 
Supplied by John Millward, 
Kerrier District CounciI 09.02.81 
Population 3293 
658 families, of which: 
517 maintained by trade or handicraft 
8 by agriculture Between 1931 and 1951 
Helston MB was 
eniarged to include 
Helston RD increasing 
the 1 931 population by 
2340 and the acreage 
by 3705 acres 
population 
acres 
- 2 0 0 0 
- 1 0 0 0 
1801 1821 1841 1861 1881 1901 1921 1941 1961 1981 
Date 
F i g . 2.10 Population changes i n the Helston area from 
1801 to 1981. 
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F i g . 2.11 Location of R.N.A.S. Culdrose 
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Oxygen Concenfratlon (p.p.m.) 
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Fig. 2.12 Oxygen gradient at the deepest point of Loe Pool, 1980-81, 
(Lacey, unpublished data). 
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Fig. 2.13 Temperature gradient at the deepest point of Loe Pool, 1980-81, 
(Lacey, unpublished data). 
F i g . 3.1 Changes i n the shape of Loe Bar 
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F i g . 3.2 Changes i n the shape of Loe Bar 
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F i g . 3.3 Changes i n the shape of Loe Bar 
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F i g . 3.4. Changes i n the shape of Loe Bar 
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Fip. 3.5 Rendel's map of Loe Pool, 1873. 
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F i g , 3.7 Progressive i n f i l l of the Loe Valley, 1771-1908 
F i g . 3.8 Progressive i n f i l l of the Loe V a l l e y , 1946-1980 
2.-2-1. 
Periods of Operation of Mines in the Loe Pool Catchment 
Compiied from Jenkins (1962) and Brooke (Pers. Comm.) 
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• Mine Shafts 
• Mine Buildings 
• Stomps 
2 km 
Fig. 3.10: The locations of a l l mine worklnge knovm to have been In Operation at 
ßome tlme between 1700 and 1939. 
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F i g . 4.1 
Key : 
A; F r o n t v i e w ; 1. s a m p l i n g f a c e , 2. L i d , 3. B a l l v a l v e t o 
a l l o w v e n t i n g of e x c e s s CO;., 4. C l i p s a t t a c h l i d , 5. S t e e l 
l o o p s t o a t t a c h r o p e s . 
B: S i d e view; 6. P o i n t of a t t a c h m e n t f o r r o d s . 
C: L a t e r a l s e c t i o n ; 7. 'Dry I c e ' , s o l i d CO;; ( t h e p e l l e t e d 
form was used i n t h i s s t u d y ) , 8. Plywood p r e s s u r e p l a t e , 9. 
F l a t s p r i n g s made o f s p r i n g s t e e l , 10. Lead weight, 11. K e e l . 
F i g . 4.2: The type of Box F r e e z e r used i n t h i s s t u d y t o 
sample t h e sediments of Loe P o o l . The diagram i s t a k e n from 
Huttunen &. MerilMnen (1978). 
F i g . 4.2 
Core LP3M2 : Susceptibility 
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F i g . 5.1 
2-30 
Core LP1M2 : Susceptibility 
Depth (cm) 
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Gauss X 10^  
F i g . 5.2 
F i g . 5.3: Core FBS7 (See a l s o o v e r l a y on P l a t e 5.2).The c o r e 
was d i v i d e d i n t o a number of subsamples f o r Cs-137 a n a l y s i s . 
The d i v i s i o n s vjere based ..on what were i n i t i a l l y thought t o be 
annual l a m i n a t i o n s and were d e r i v e d from t h e a l t e r n a t i n g 
b l a c k and brown bands w i t h i n t h e sediment. 
F i g . 5.3 
XL 
Fig. 5.4: Core FBS9 (See also overlay on Plate 5.3). The 
diagram shows the lines o'f d i v i s i o n , the supposed dating of 
the subsamples for Cs-137 analysis, and the subsample 
numbers. 
Fig. 5.4 
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Cs—137 analysis 
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Loe Pool Sample FBS7 
Cs—137 analysis 
0 
Depth (cm) 
20 -
30 -
40 -
50 
•1978-79' 
' 1977-' 
0 
n I I 
10 15 20 
Cs—137 pCi 
25 30 35 
F i g . 5.6 
Loe roo .ore 
0 
13. 
20. 
30. 
10. 
50. 
G0. 
70. 
80. 
90. 
100. 
110. 
120. 
130. 
H0. 
150. 
1G0. 
170. 
180. 
190. 
200. 
210. 
220. 
230. 
210. 
250. 
260. 
270. 
280. 
B 
C 
0 1 2 
Depth (cm) Zone WD g/cm^ 
0 50 
y. Water 
100 0 100 
IL mg/g DW 
"200 0 ~20~ I 0 0 
Kj-N mg/g DW I.L./Kj-N r a t i o 
0 5 
P mg/g DW 
I0 0 2 4 
N:P r a t i o 
—1 
G 
Fi g . 6.1 
_oe Pool Core LP3I13 
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_oe Pool Core LP3ri3 
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_oe Pool Core LP3n3 
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Core LP3M3 Particle Size Distribution 
Fraction Sizes in Microns 
SID<2.0 m 9 .8 -20 .0 WÊ 63 0-125 
111-2.0-5 6 ess 2 0 . 0 - 5 0 . 0 
^ 5 .6 -9 .8 m 5 0 . 0 - 6 3 . 0 
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Fig. 7.Ó 
Year Everits Liariolo-gical C i^âTiges 
1960 
1940 -1- 19:^: Cessation of ai l oining in thie catchia-it. 
1928-:^: flost siglificant period of œin ing in 
the catd'iflia'it's hi story. 
1930: Opening of Helston S a a ^ Treataait Works. 
1920 I 1921: Major storia surge blocks adit and causes 
ert-aisive floodirig. 
1900 
1860 
1340 
1820 
1800 
1970 onward: Alga! blisos becoaie raore 
prevalerit. 
1928-;^: Period of very h i ^ sedimait loading. 
Discolouration of thie lake by mine wastes. 
1930 oraards; Treated sewage effluait input 
increases N i P availability. 
1399 onwards: Continuous tç-eration of tPie adit 
draining Loe Pool. 
• 1875: Last record of Bar breaching. 
1399 oriwards: A iHire. stable lake leve! and 
volume. 
1875 oriwards: Cessation of periodic niarine 
incursions. Brackiski influence decreases. 
Core Zories Chironological Coverage of Cores 
U=:3M3 LP3M FBS3 FBS9 FBS12 FBS14 IF2 IF6 RB2 
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1375-1927 
T T 
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1300 
Fig. 3.1 Summary diagram of the main catchment events, 
limnologica! changes, core zones and core 
chronologies referred to i n t h i s study. 
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Píate 2.1: An a e r i a l view o f Loe bar and Loe P o o l , l o o k i n g due n o r t h . 
(Photograph c o u r t e s y o f t h e P h o t o g r a p h i c Department, R.N.A.S. C u l d r o s e ) 
Píate 2.2; An a e r i a l view, l o o k i n g due west, o f Carminovíe Creek, t h e e a s t e r n arm 
of Loe P o o l . Loe Bar can be seen i n t h e m i d d l e d i s t a n c e . (Photograph c o u r t e s y of 
t h e P h o t o g r a p h i c Department, R.N.A.S. C u l d r o s e ) 
Píate 2.3: An a e r i a l view o f t h e town of H e l s t o n , l o o k i n g N.N.E. H e l s t o n sewage 
t r e a t m e n t work.s can be seen i n t h e lower l e f t - h a n d p o r t i o n of t h e photograph. 
(Photograph c o u r t e s y of t h e P h o t o g r a p h i c Department, R.N.A.S. C u l d r o s e ) 
P l a t e 2.4: A view o f t h e lower p a r t o f H e l s t o n , l o o k i n g 
s outh-west down t h e Loe V a l l e y . In t h e f o r e g r o u n d i s t h e 
C o r o n a t i o n Lake, e x c a v a t e d i n 1911, and on t h e l e f t hand 
edge o f t h e photograph, H e l s t o n sewage t r e a t m e n t works. 
P l a t e 2.4 
P l a t e 3.1: Four o f t h e p u r s e s , c o n t a i n i n g t h r e e h a l f - p e n c e s , 
t h a t were t r a d i t i o n a l l y p r e s e n t e d t o t h e ' l o r d of t h e manor' 
of Penrose whenever t h e i n h a b i t a n t s o f H e l s t o n wished t o c u t 
Loe Bar. The d a t e s on t h r e e o f t h e p u r s e s i s s t i l l l e g i b l e . 
P l a t e 3.1 
P l a t e 3.2 
P l a t e 3.3: A d e t a i l from P l a t e 3.2. Loe Bar i s v e r y d i s t i n c t 
and the l a k e i s marked 'Looe'. H e l s t o n i s marked as 'Hels-ton 
- a Cunase [Coina.se] Towne' . 
P l a t e 3.3 

P l a t e 3.5: A d e t a i l from P l a t e 3.4, showing Loe E a r . On t h e 
bar a r e i n s c r i b e d t h e words " t h e Looe P o o l b r o k e here i n 
1770", and t h e a r e a o f s h i n g l e removed on t h a t o c c a s i o n i s 
a l s o i n d i c a t e d . 
P l a t e 3.5 
THt WOt È>t».R COt-
Platzs The exter.t c f s h i r i E l s r emoval d u r i n g a bar 
b r e a c h i n g can be seen i n t h i s p h o t o g r a p h o f t h e c u r w h i c h 
t e c k p l a c e i n 1365. (From an o r i g i n a i p h o t o g r a p h i n H s l s t o n 
F o l k "useum) 
P i a t e 3.6 
P L A N 
L O N G I T U D I N A L S E C T I O N . 
I I , , 
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P l a t e 3.7: L o n g i t u d i n a l s e c t i o n through the Loe P o o l d r a i n a g e a d i t . 
p r o b a b l y d a t e s from around 1900 as a number of t h e vent s h a f t s c^.-uiea oi 
c o n s t r u c t e d i n 1899 a r e shown. ( O r i g i n a l h e l d i n the Penrose E s t a t e O f f i c e ) 
P l a t e 3.8: Lower Road i n H e l s t o n , f l o o d e d i n 1924 a f t e r t h e 
b l o c k a g e o f t h e Loe P o o l d r a i n a g e a d i t . 
P l a t e s 3.8 & 3.9 
P l a t e 3.10: P o r t h i e v e n Road, H e i s t o n , d u r i n g t h e f l o o d of 
January 1924. The l a k e water r o s e t o a s i m i l a r h e i g h t i n 
F e b r u r y 1979 when t h e d r a i n a g e a d i t was a g a i n b l o c k e d by 
s h i n g l e . (From, an o r i g i n a l photograph i n H e l s t o n F o l k Museum)] 
P l a t e 3.10 
P l a t e 3 . 1 1 : C l s a r i n s t h e nicuth o f t h e d r a i n a g e a d i t i n 
J a n u a r y 1 9 2 4 . 
P l a t e 3 . 1 2 : C l e a r i n g t h e o u t l e t o f the a d i t w hich had a l s o 
v.^ÄT-: t u i ~ x ^ c uncini" Xsr"^^ Qusntii.'^i.^s of" s h i i n ^ " ^ ^ ÌPFCTTÌ oi'î^i.n3X 
p h o t o g r a p h s i n H e l s t o n F o l k Museum) 
O 1 ;i t- — •* 1 9 'A 1 
P l a t e 2.13: A s e v e r e s t o r n i a g a i n b l o c k e d t h e Loe P o o l o u t l e t 
i n F e b r u a r y 1979. The S o u t h «est Water A u t h o r i t y c u t a 
c h a n n e l t o l o w e r t h e l a k e l e v e l i n o r d e r t h a t t h e a d i t raouth 
c o u l d be c l e a r e d . 
P l a t e s 3.13 & 3.14 
P i a t e 3.15: A b u l l d o z e r b e i n g used by t h e 
S o u t h West Water . A u t h o r i t y t o c u t a 
c h a n n e l t h r o u g h Loe B a r , F e b r u a r y 1979. 
P l a t e 2.16: A s e c t i o n t h r o u g h Loe Bar showing t h e l a m i n a t e d 
s t r u c t u r e o f a l t e r n a t i n g f i n e and c o a r s e m a t e r i a l , r e v e a l e d 
i n F e b r u a r y 1979. 
P l a t e 3.16 
Plate 3.17; In December 19SA, the drainage a: 3 agsir. 
blocked and South West Water repeated the exca . _ :n of a 
channel through Loe Bar. On t h i s occasion, the channel was 
deeper than that eut i n 1979 and more of the bar structure 
was v i s i b l e . Thick layers of the c h a r a c t e r i s t i c a l l y red 
coloured mine waste, deposited e a r l i e r in the century. wer^i 
revealed. (Photograph: Dr. P.E. 0"Sullivan) 
17 
P l a t e 3-18: December 19S4. A more d e t a i l e d view o f t h e r e d 
s i l t and c l a y - r i c h l a y e r s which c o n t r i b u t e d g r e a t l y t o t h e 
réduction i n p e r m e a b i l i t y o f Loe Bar, and which were a 
conséquence of m i n i n g a c t i v i t y w i t h i n t h e catchinent. 
" h o tograph : Dr. P. E . O' S u l l i v a n ) 
a - l o o 
P l a t e 2 . 
sîirub- v-seta-üicr; o" t h e f l o o r o f t h e Loe V a l l e y . Part; Qf t h e 
L u c ! ' io l . . \ , 
P l a t e 3.22: A e r i a l photograph o f t h e Loe V a l l e y , t h e mouth of t h e R i v e r Cober 
and Lpe P o o l thought t o d a t e from around t h e 1920'5, In t h e .left-hand f o r e g r o u n d 
r.än be se-en t h e wc-rV:s of t h e M e i s t o n V a l l & v T i n Co., i n O p e r a t i o n frotn 1911-14. 
^ P l a t e 3.23: A map produced hy t h e C o r n w a l l County S u r v e y o r i n 1946 as p a r t o f a 
5 c a n a l i s a t i o n Echeme which was implemented i n 1946-47. The sc heme was d e s i g n e d t o 
ease t h e problem o f t h e f l o o d i n g o f H e i s t on f o l l o w i n g h i g h w i n t e r d i s c h a r g e i n 
•0 t h e R i v e r Cober. T h i s was t o be e f f e c t e d by t h e s t r a i g h t e n i n g o f p o r t i o n s o f t h e 
^ r i v e r ' s c o u r s e i n t h e Loe V a l l e y . 
ft 
M 
P l a t e 3.24; A inap of Loe P o o l and t h e mines of t h e a r e a 
which formed p a r t o f a p r o p o s a l (c. 1720Í by John Warburton 
t o d redge t h e l a k e f o r t i n . 
,a -'OS' 
P l a t e 3.24 
P l a t e 3.25: A d e t a i l from P l a t e 3.24 s h o u i n g t h e dredge 
which John Harburton p r o p o s e d t o use i n t h e r e t r i e v a l o f 
t i n from t h e bed of Loe P o o l . 
P l a t e 3.25 
P i a t e 4.1: A Im c o r e t a k e n u s i n g 
Mac '•" --^ ^ ~.h m i n i - c o r e r . The mar"'-
d l f ". l e i n c o l OLI r between t h e .:. 
broun o f Zone A and t h e r e d c l a y s a t t h e 
top o f Zane B can c l e a r l y be seen. T h i s 
t y p e of c o r e r c a u s e s c o n s i d e r a b l e 
d i s t u r b a n c e o f t h e sediraent st.ru c t u r e , 
1 
P l a t e ¿1.2: A ' R u s s i a n ' b o r e r sample o f t h e Loe P o o l sediments 
showing m a t e r i a l from t h e base o f Zone B and. a t t h e bottom 
of the sample, t h e s t a r t o f t h e b l a c k / g r e y l a m i n a t i o n s which 
c h a r a c t e r i z e Zone C. 
a - l o g 
P l a t e 4.2 
P l a t e A.3: An ' I c y - F i n g e r ' s a m p l e r , 
packed w i t h s o l i d carbon d i o i i i d e and 
a c e t o n e , p r i o r t o sediment s a m p l i n g . 
P l a t e 4.3 
P l a t e ¿1.4; The type o f sample r e t r i e v e d u s i n g t h e 
' I c y - F i n g e r ' s a m p l er. The t h i c k n e s s o f sample i s d e t e r m i n e d 
by t h e l e n g t h of t i m e t h a t t h e sampler remains b u r i e d i n t h e 
ser' •: . 
3L -Uo 
P l a t e 4. 
Plate 5.1 (a): Core LP3M3 (3ra Mackereth core). 
Surface to I40cni depth. lOcm subsamples are 
shown with subsample numbers in parentheses. 
Some prominent laminations are numbered to 
enable comparison with other cores. Plate B.lCa^ 
150cni+ 
(16) 
leOcm+J 
Continuous 
Diatom Count 
From Peel 
16i-173cm 
I 
(17) 
I 
170cm+ 
(18) I 
laOcir- . 
(19) 
•130cm+ 
(19) 
190cm-
(20) 
200cm+ 
(21) 
210cm+ 
(22) 
I — ! 220cm + . 
(23) 
280cm + . i 
Plate 5.1 (b): Core LP3M3 (3m Mackereth core). 
140cm to 280cm depth. 10cm subsamples are shown 
with subsample numbers in parentheses. The 12cm 
secti o n il61-173cm) used f o r the diatom analysis 
d e t a i l e d i n Section 7.4, i s also marked. Plate 5.1(b) 
Plate 5.2: Core FBS7. • The sample measures 42cm from the 
sediment-water i n t erf ace to the base. A considerable r-- ount 
o f structure i s preserveâ above the red clay, i n Zone 
Plate 5.2 
BOOl 
Plate 5.3: Core FB39 
length, and 25.Sem wide. 
The sample as shown i s 45.4cm i n 
Plate S.3 
P l a t e 5.4: Core FBS3. The sample i s 30cm wide and 
a p p r o x i m a t e l y 38.5cm from t h e s e d i m e n t - w a t e r i n t e r f a c e t o t h e 
base. 2one A, above the r e d c l a y , shows c o n s i d e r a b l e 
s t r u c t u r e . However, t h e a l t e r n a t e brown and b l a c k l a y e r s a r e 
- - - "annual i n n a t u r e . B i o t u r b a t i o n can c l e a r l y be seen, w i t h 
.jce o f r e c e n t z o o b e n t h i c ac 1 1 v i t y c l o s e t o t h e s u r f a c e . 
P i a t e S.5: Core FBS12. The saraple measures 31cm i n w i d t h and 
a p p r o x i m a t e l y 37cni from t h e sediment-water i n t e r f a c e t o t h e 
base. The m a j o r i t y o f Zone A has been c o n s i d e r a b l y b i o t u r b e d , 
but some s t r u c t u r e i s s t i l i v i s i b l e towards t h e sediment 
s u r f a c e , The burrows o f b e n t h i c fauna can be seen p e n e t r a t i n g 
i n t o t h e r e d c i a y s which mark t h e top of Zone B. 
P i a t e 5 
Sediment s u r f a c e t o 145cm de p t h . 
P l a t e 5.6(a) 
a - Ub ex 
150cin+ 
160cm + , 
170cm+i 210cin + 
180cm+ 220cm+! 
190cm+ n 230cm + 
240c]n+ 
280cin+i 
290cm+i 
Plate 5.6 (b): Core LP3M4 (3m Mackereth core), 
145cra to 294cm depth. 
Plate 5.6(b) 
Plate 5.7; Core IF2. The photograph shouE £ tangential 
section through this c y l i n d r i c a l sarriple, taken using rhe 
' i c y - f i n g e r ' sampler (see Plates ¿.3 & 4 .4 ) . Despite 
considérable disturbance during sair.F'ling, some ver y fine 
s t r a t i g r a p h i e détail Î E apparent. This section measures 24cin 
i n length. 
Plate S.7 
B023 
E024 
B025 
B035 
B036 
B037 
B038 
B041 
B045 
BOAS 
-B047 
B048 
B049 
BOSO 
P l a t e 5.8: Core FBS14. The sample as shown i s 27cm wide a t 
the w i d e s t p o i n t and 60cra i n l e n g t h . 
P l a t e 5-8 
B036' 
3038 
B040 
BOAl 
B043 
B04Ä 
B04S 
B046 
3047 
p l a l e . 5.9: Core IF6 . 
t a n g e n t i a l s e c t i o n t h i . . 
t h i s ' i c y - f i n g e r ' sairiple. 
The c o r e as shown measures 
56. Sein i n l e n g t h and t h e 
c l e a n e d f a c e i s Bein Wide. 
?lak..5.9 
L i s t o f di a t o m t a x a e n c o u n t e r e d d u r i n g d i a t o m c o u n t s 
i M e l o s i r a g r a n u l a t a (Ehr) R a l f s v a r . a n g u s t i s s i m a O. Müller 
•M. i t a l i c a (Ehr) Kütz 
M. j u e r g e n s i i Agardh 
M. v a r i a n s Agardh 
P a r a l i a (ex M e l o s i r a ) s u l c a t a ( Ehr) Kütz 
P o d o s i r a s t e l l i g e r ( B a i l e y ) Mann 
D r u r i g i a compressa (West) Donkin. 
T h a l a s s i o s i r a pseudonana (Hust) H a s l e and Heim.dal 
C y c l o t e l l a p s e u d o s t e l l i g e r a Hust 
C. s t e l l i g e r a C l e v e e t Grun 
C. meneghiniana Kütz 
C o s c i n o d i s c u s sp. 
A e t i n o p t y c h u s u n d u l a t u s ( B a i l e y ) R a l f s 
C h a e t o c e r o s m U l l e r i i Lemmermann 
Rhabdonema minutum KUtz 
T a b e l l a r l a f e n e s t r a t a (Lyngb) KUtz 
T. f l o c c u l o s a (Roth) KUtz 
Grammatophora s e r p e n t i n a ( R a l f s ) Ehr 
M e r i d i o n c i r c u l a r e (Grev) Agardh 
Diatoma e l o n g a t u m (Lyngb) Agardh 
D. haemale (Lyngb) H e l b e r g v a r . mesodon ( E h r ) Grun 
D. v u l g a r e B o r y 
Opephora m a r t y i Héribaud 
F r a g i l a r i a b r e v i s t r i a t a Grun 
F. c a p u c i n a Desmaziéres 
F. p i n n a t a Ehr 
Syn e d r a acus KUtz 
S. p a r a s i t i c a (W. Smith) Hust v a r . s u b c o n s t r i c t a Grun 
S. p u l c h e l l a R a l f s ex KUtz 
S. rumpens KUtz 
S: t a b u l a t a (Agardh) KUtz 
S. u l n a ( N i t z ) Ehr 
S. v a u c h e r i a e Kütz 
A s t e r i o n e l l a formosa Hass 
E u n o t i a p e c t i n a l i s ( D i l l w y n ) Rabh 
E. p e c t i n a l i s ( D i l l w y n ) Rabh v a r . minor ( K t i t s ) Rabh 
E. p e c t i n a l i s v a r v e n t r a l i s (Ehr) Hust 
E. e x i g u a ( 3 r e b ex K'Jtz) Rabh 
E. f a b a (Ehr) C-run 
E. l u n a r i s ( E h r ) Grun 
E. raonodon Ehr 
C o c c o n e i s d i s c u l u s Schum 
C. p l a c e n t u l a E h r 
Achnanthes a f f i n i s Grun 
A. d e l i c a t u l a ( K Utz) Grun 
A. l a n c e o l a t a ( B r e b . ) Grun 
A. l i n e a r i s W. S m i t h 
A. h u n g a r i c a Grun 
A. m i c r o c e p h a l a (Kütz) Grun 
A. m.inutissima Kütz 
R h o i c o s p h e n i a c u r v a t a (Kütz) Grun 
D i p l o n e i s i n t e r r u p t a (Kütz) C l e v e 
D. o v a l i s ( H i l s e ) C l e v e 
D. p u e l l a (Schum) C l e v e 
Am.phipleura p e l l u d i c a Kütz 
N a v i c u l a a n g l i c a R a l f s 
N. c r y p t o c e p h a l a Kütz 
N. g r e g a r i a Eìonkin 
N. l a n c e o l a t a (Agardh) KUtz 
N. iTiininia Grun 
N. n o t h a W a l l a c e 
N. p e r e g r i n a (Ehr) Kütz 
N. p u p u l a Kütz 
N. r h y n c h o c e p h a l a Kütz 
N. serainulum Grun 
N. v i r i d u l a Kütz 
P i n n u l a r i a Brébissonii Hust 
P. h i l s e a n a ( J a n i s c h ) O. Müller 
P. m i c r o s t a u r o n (Ehr) C l e v e 
P. s t a u r o p t e r a (Rabh) C l e v e 
P. s u b c a p i t a t a Gregory 
P. v i r i d i s ( N i t z ) Ehr 
Caloñéis s i l i c u l a (Ehr) C l e v e 
G y r o s i g m a acurainatum (Kütz) Rab 
Amphora e x i g u a Grun 
A. o v a l i s Plütz 
A. o v a l i s Kütz v a r . l y b i c a ( E h r ) C l e v e 
A. v e n e t a (Kütz) Hust 
C y m b e l l a c u s p i d a t a Kütz 
C. v e n t r i c o s a Kütz 
Gomphonema acuminatum Ehr 
G. acuminatum Ehr v a r . c o r o n a t a ( E h r ) VI. S m i t h 
G. angustatum (KUts) Rabh 
G. c o n s t r i c t u m Ehr 
G. parvulum Kütz 
G. t e r g e s t i n u m (Grun) F r i c k e 
E p i t h e m i a t u r g i d a (Ehr) Kütz 
H a n t z s c h i a amphyoxis (Ehr) Grun 
N i t z s c h i a a m p h i b i a Grun 
N. h u n g a r i c a Grun 
N. kützingiana H i l s e 
N. p a l e a (Kütz) W. S m i t h 
S u r i r e l l a c a p r o n i i Breb 
S. l i n e a r i s W. Sm.ith 
S. o v a t a Kütz 
a - 1 2 - t f 
Diatom s c o l o g i c a i préférences | 
The f o l l o w i n g d i a t o m e c o l o g y p r o f i l e s a r e based on t h e f o r m a t 
d e s i g n e d by Lowe ( 1 9 7 4 ) . H i s référence l i s t has been 
r e t a i n e d but w i t h some a d d i t i o n s . Lowe's i n f o r m a t i o n i s 
i n c l u d e d f o r t h o s e s p e c i e s f o r w h i c h he had a l r e a d y c o m p i l e d 
e c o l o g i c a l d a t a . The m a j o r i t y o f t h e d i a t o m t a x a t h a t a r e 
l i s t e d i n Appendix 1 a r e p r o f i l e d h e r e , i n c l u d i n g t h o s e o f 
p a r t i c u l a r e c o l o g i c a l i n t e r e s t . The références from w h i c h t h e 
i n f o r m a t i o n has been d e r i v e d a r e g i v e n f o r e a c h s p e c i e s and a 
key t o t h e référence numbers i s o u t l i n e d below. Each o f thèse 
références i s i n c l u d e d i n füll i n t h e référence l i s t i n g s on 
pages 207-241. 
1 Blum (1957) 
2 Bock (1952) 
3 Budde (1931) 
4 Cholnoky (1968) 
5 C h r i s t i a n s e n & Reimer (1963) 
6 Cupp (1943) 
7 F j e r d i n g s t a d t (1950) 
3 Foged (1948) 
9 Foged (1949) 
10 Foged (1953) 
11 Foged (1954) -
1 "Z' Foged (1958) 
13 Foged (1964) 
14 Foged {1968a) 
15 Foged (1963b) 
16 Gemeinhardt (1926) 
17 K a s l e & Heimdal (1970) 
13 Hohn & K e l l e r m a n (1963) 
19 Hornung (1959) 
20 H u s t e d t (1937-38) 
21 H u s t e d t (1939) 
22 H u s t e d t (1942) 
23 H u s t e d t (1949) 
24 H u s t e d t (1955) 
26 H u s t e d t (1957) 
27 Jsz5rgensen (1948) 
23 J ^ r g e n s e n (1952) 
29 K o l b e (1927) 
30 K o l k w i t z (1914) 
31 K o l k w i t z & Marsson (1908) 
32 Lowe & Crang (1972) 
33 M c i n t i r e (1966) 
34 Manguin (1952) 
35 M e r i i a i n e n (1967") 
36 N i e s s e n (1956) 
37 P a t r i c k & F r e e s e (1961) 
33 P a t r i c k & Reimer (1966) 
39 P e t e r s e n (1943) 
40 P r o s c h k i n a - L a v r e n k o (1959) 
41 Raabe (1951) 
42 Reimann e t a l . (1963) 
43 S c h e e l e (1952) 
44 S c h m i d t z (1959) 
a - ( 2 j t 
.45 S c h r o e d e r (1939) 
.46 Simonsen (1962) 
.47 Stoemer & Yang (1970) 
.43 Weber (1970) 
.49 Van d e r W e r f f & H u l l s (1958-66) 
.50 Kjemperud (1977) 
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Studies of the formation and deposition of annually-laminated 
sediments in Loe Pool, Cornwall, U. K. 
P . E. O'SuLLiVAN, M . A . CoARD, S. M . C o u s E N and D . A . PICKERING 
W i t h 2 figures in the text 
Introduction 
Recently, paleolimnologists have become increasingly interested in studies of annually-lam­
inated (varved) lake sediments (RENBEXG 1982; RENBERG & SEGERSTROM 1981; SAARNISTO 1979). 
Four main types, here termed calcareous, ferrogenic, biogenic, and clastic (O'SULUVAN 1983), have 
been described. 
The first three are formed in lakes deep for their surface area, and consists of a mixture of 
mainly autochthonous, and some allochthonous matter. Their composition largely reflects 
seasonal patterns of production and deposition within the lake. Clastic laminations, however, 
may be composed almost entirely of allochthonous material, and their structure thus reflects sea­
sonality of sediment supply from catchment to lake. The area of the catchment compared to the 
area/volume of the lake also seems to be an important factor in their formation, as does the rate of 
sediment supply versus the rate of in-lake mixing processes (O'SULUVAN 1983). 
So far, most paleolimnological studies have concentrated on the first three types. Here we pre­
sent, however, a study of annual laminations formed in a small, shallow lake, whose sediments are 
almost entirely clastic in origin. 
Site description 
Loe Poor(Fig. 1) is a coastal lake (A-55.6ha, V = 3.09 x 10*m', Z „ , a x = l l m , Zr = 4m, 
D = ca. 5 5 k m^ 1 k m south of Helston, Cornwall, U.K. (latitude 50°4' N , longitude 5°17' W, 
altitude 4 m). 
It was formed by the damming of the River Gober by a shingle bar. This was in existence by 
the mid - C " , but it was not until 1800 A. D., when a tunnel (or adit) was constructed to drain the 
Pool to the sea, that it became a stable permanent feature. Before then both spontaneous out-
breaks of líke water, and delibérate "bar-breaking", in order to alleviate floods, were a common 
occurrence (COARD unpubl.). 
Earher (COARD et al. 1983; O'SUIXTVAN et al. 1982; SIMÓLA et al. 1981) we have described the 
topmost '3 m of Loe Pool sédiments, which consist of annually-laminated clays. In this paper we 
présent further stratigraphie studies, including results of investigations of deeper sédiments 
(3-5 m). 
Methods 
O u r previous longest core of Loe Pool sediment, whose stratigraphy was described by SMOLA 
et al. (1981), was taken with a 3 m MACKERETH sampler at the location shown in Fig. 1. In the last 
five years, we have also taken over fifty shoner (1—1.5 m) cores, using both mini-MACKERETH, and 
two types of freezer samplers (HUTTONEN & MERILAINEN 1978; SAARNISTO 1979). 
We obtained cores of the deeper sediments using the "Russian" peat sampler (JowsEY 1966), 
which we operated from a raft anchored some 200 m north of the MACKERETH coring station (Fig. 
1). The cores were wrapped in aluminium foil and polyethylene, and sealed i n the field. In the lab­
oratory they have been stored at 8 °C. 
0368-0770 /84 /0022-1383 $ 1.25 
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Fig. 1. Loe Pool, Cornwall, showing position of 
3 m MACKERETH core (*), and "Russian" cores 
(•). Depth contours i n m. 
Lamination counts were prepared by direa measurement, and using infra-red (black & white), 
and colour photographs. Sediment description was carried out using MIINSELL colour charts, and 
the classification system of TROELS-SKUTH (1955). Samples for diatom and X R F analysis were pre­
pared by the methods described in COARD et al. (1983). 
Results 
( 1 ) S e d i m e n t d e s c r i p t i o n 
B y the TROELS-SMITH s y s t e m , the L o e P o o l sed iments m a y be d e s c r i b e d as: 
A s 4 strf 4 clas 0 sice 2 n i g (var) 
i. e., a h i g h l y l a m i n a t e d , c o m p a c t , p last ic , u n h u m i f i e d c l ay o f v a r i a b l e c o l o u r . T h e up­
p e r m o s t 20—60 c m , h o w e v e r , consist o f a wa te ry d a r k - b r o w n clay-gyttja, b e l o w w h i c h 
is a p i n k c l a y , c o m p o s e d m a i n l y o f haemat i te ( F e i O s ) depos i t ed d u r i n g t i n - m i n i n g 
o p e r a t i o n s i n the 1930s (COARD et a l . 1983). 
T h e source o f th i s ma te r i a l was the P o r k e l h s U n i t e d m i n e , 10 k m n o r t h o f H e l s t o n , 
w h i c h ceased ope ra t i ons i n 1938. M i d t i p l e c o r i n g has s h o w n that i t is w i d e l y d i s t r i bu ted 
t h r o u g h o u t the l a k e , so that w e are able t o use it as a r a p i d means o f i n te rco re cor re la ­
t i o n ( O ' S u m v A N et a l . 1982). These studies have also s h o w n that t he t h i ckness o f the 
b r o w n clay-gyttja at the deep -co r i ng site is 20 c m . T h e s t ra t i g raphy o f the deep co re is 
the re fo re : 
(0—20 c m ) D a r k b r o w n w a t e r y clay-gyttja 
20—32 c m P i n k haemat i te c l a y (MUNSELL S o i l C o l o u r n o s 5 Y R 3 / 4 - 4 / 4 ) , c o n t a i n i n g 
t w o b l a c k l a m i n a t i o n s . 
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32—97 c m M a s s i v e g rey ( l O Y R 3 /2 ) a n d d a r k g rey (2-5 Y 2 /0 ) d a y . 
9 7 — 2 8 2 c m R e g u l a r l y laminated b lack ( l O Y R 2 / 1 ) a n d grey ( 7 - 5 Y R 2 /0 ) d a y , each 
pa i r ca . 1—3cm th ickness . P i n k l a m i n a e replace greys at 144—145 c m , 
1 5 1 — 1 5 2 c m , 1 5 3 - 1 5 4 c m , 1 6 3 — 1 6 9 c m , 195—197 c m , 200—201 c m , 
205 c m , 2 0 9 - 2 1 0 c m , 2 2 6 - 2 3 0 c m , 232—233 c m , 235 c m a n d 2 3 7 - 2 3 8 c m . 
2 8 2 - 2 8 6 c m Y e U o w - b r o w n (2 .5Y 3 / 2 , 5 Y 2 .5 /2 ) d a y 
286—326 c m F u r t h e r grey-b lack l a m i n a t i o n s 
326—533 c m St i f f (s icc 3) b r o w n ( 2 . 5 Y 3 /2 ) d a y w i t h m a n y f ine (ca. 1 m m ) , a n d severa l 
p r o m i n e n t (ca. 5 m m ) pale g rey ( 5 Y 5 /1 ) l a m i n a t i o n s . 
B e l o w 533 c m th is d a y was impenet reab le t o the R u s s i a n peat samp le r . 
M a n y par ts o f the core also c o n t a i n m u c h finer (ca. 1 m m ) l a m i n a e , whose c o l o u r 
var ies against that o f the ma in l am ina t i ons . T h u s i n p i n k and g rey layers f ine b l a c k la ­
m i n a e are o f ten present , whereas b l a c k layers m a y c o n t a i n f i ne p i n k o r g rey ones . 
B e l o w 326 c m , besides the abundant grey-green f i ne l am inae a l ready m e n t i o n e d , d a r k 
b r o w n , pa le b r o w n a n d b lack layers are also seen. 
T h e p i n k haemat i te-c lay (20—32 c m ) is the p r o m i n e n t m a r k e r h o r i z o n depos i ted i n 
t he years 1937—38. T h e massive g rey d a y ( 3 2 — 9 7 c m ) was also depos i ted i n the 1930's 
(SIMÓLA u n p u b l . ) , a n d consists large ly o f m i n i n g waste . T h e regu la r l y - l am ina ted sec t i on 
( 9 7 — 2 8 2 c m ) is that s h o w n b y SIMÓLA et a l . (1981) t o c o n t a i n a n n u a l l am ina t i ons . T h e 
b r o w n d a y b e l o w 326 c m predates the onset o f b l ack -g rey l a m i n a t i o n f o r m a t i o n . 
( 2 ) C h r o n o l o g y 
A s p o i n t e d ou t , the p i n k and g rey c lays ( 2 0 — 9 7 c m ) date f r o m the 1930's. T h i s f i n d -
i n g has been c o n f i r m e d b y " ' C s - d a t i n g o f the o v e r l y i n g chy-gyttja (SIMÓLA et a l . 1981). 
C o u n t i n g o f the b lack -g rey l am ina t i ons ind icates that the y e l l o w - b r o w n d a y at 2 8 2 — 
286 c m dates f r o m ca . 1840 ( A . D . ) . B e l o w th is are a f u r t he r 25 l a m i n a t i o n s , so that the 
j u n c t i o n be tween the b r o w n d a y a n d the o v e r l y i n g b l a c k / g r e y l am inae p r o b a b l y dates 
f r o m ca . 1815 A . D . (see be low) . 
( 3 ) D i a t o m a n a l y s i s 
R e s u l t s o f a p r e l i m i n a r y d i a t o m analys is o f the b r o w n d a y b e l o w 326 c m s h o w the 
p resence o f a v e r y diverse flora, the p l a n k t o n i c e lements o f w h i c h are d o m i n a t e d b y 
Diatoma elongatum (LYNGBYE) A G A R D H , a n d Thalassiosira pseudonana (HASLER & 
HEIMDAL). B r a c k i s h in f luence, i n the f o r m o f m a r i n e taxa such as Melosira sulcata ( E H -
RENBERG) KÜTZING a n d Coscinodiscus spp . is also r e c o r d e d . W e c o n c l u d e that th is sec t i on 
s h o w s t he presence o f a f reshwater lake w h i c h was u n d e r s o m e b r a c k i s h i n f l uence . In 
the l o w e s t 0.5 m , the scales o f a Mallamonas sp. are a lso f o u n d , m o r e abundan t l y i n the 
b r o w n m a t r i x o f the d a y than i n the grey-green l am inae . 
( 4 ) S n a n a l y s i s 
R e s u l t s o f X R F analysis o f th is core f o r S n are s h o w n i n F i g . 2 . A s t rong con t ras t is 
seen b e t w e e n the l owes t b r o w n d a y , w h e r e valúes are m a i n l y b e l o w 200 p p m , a n d the 
o v e r l y i n g b l a c k / g r e y l am ina t ions , w h e r e t h e y reach 600—3600 p p m . T h e increase i n S n 
1386 r V . Paleolimnology 
Depth(m) 
1800 
Snippm} 
Fig.2. Sn content of Loe Pool sédiment 
(2—5 m), based on X R F analysis. A r r o w 
indicates position of junction between 
brown clay and overlying black/grey 
laminated clay. 
va lues l ies b e l o w the t r a n s i t i o n b e t w e e n thèse t w o sédiment types . A c c o r d i n g t o the 
l a m i n a t i o n count the peaks i n S n at 195—205 c m , 235—245 c m , a n d 285—295 c m , date 
f r o m ca . 1885, 1870 a n d 1835 ( A . D . ) . Thèse c o r r e s p o n d c losely w i t h h i s to r i ca l r e c o r d s 
o f pe r i ods o f m i n i n g ac t i v i t y i n the c a t c h m e n t o f t he P o o l (COARD unpub l . ) . 
Discussion and conclusions 
B e l o w ca. 3.25 m o f a n n u a l l y - l a m i n a t e d l acus t i ne sédiments, L o e P o o l c o n t a i n s a 
b r o w n , f i ne ly - lamina ted c l ay , also f o r m e d u n d e r f reshwater c o n d i t i o n s . 
X K F analysis s h o w s that S n leve ls i n the sédiments increase s t r o n g l y i n t he b l a c k / 
g rey l am ina ted c lay r i s i n g t o a n u m b e r o f peaks w h i c h can be s h o w n , o n t he bas is o f 
va rve c o u n t i n g , to cor re la te w i t h d o c u m e n t e d phases o f increased m i n i n g a c t i v i t y . 
S h a f t - m i n i n g i n the C o b e r ca t chmen t began i n ca . 1780 ( A . D. ) , bu t d i d no t e x p a n d u n t i l 
ca . 1840 (COARD unpub l . ) . 
T h e m a j o r part o f the core e x a m i n e d here is c o m p o s e d o f a l am ina ted b l a c k / g r e y , 
o c c a s i o n a l l y b l a c k / p i n k c l ay . O n the basis o f d i a t o m mic ros t ra t i g raphy , S M O L A , C O A R D 
& O ' S u i x r v A N (1981) s h o w e d that the b l a c k l a m i n a e co r respond t o t he s u m m e r s a n d t he 
g r e y / p i n k to w in te rs . T h e c o l o u r changes appear t o be associated w i t h b o t h seasona l 
v a r i a t i o n i n sédiment s u p p l y t o t he l a k e , a n d c h a n g i n g redox c o n d i t i o n s i n t h e w a t e r 
c o l u m n . 
W h e n a i r -dr ied, the b lack l a m i n a e change c o l o u r t o a b r igh t orange ( l O Y R 6 / 8 ) 
whereas the greys r e m a i n a lmos t the same. T h i s suggests that the s u m m e r layers c o n t a i n 
r educed F e species, a n d we re l a i d d o w n u n d e r r e d u c i n g cond i t i ons . T h e w i n t e r l aye rs , 
h o w e v e r , con ta in c lays depos i ted i n a n o x i d i z i n g e n v i r o n m e n t , as does the b r o w n c l a y , 
w h i c h under l ies the b l a c k / g r e y l a m i n a t i o n s . 
C o n d i t i o n s i n w h i c h reduced sédiments m a y b e depos i ted d o exist f r o m t i m e t o t i m e 
i n L o e P o o l . F o r examp le , i n the s u m m e r o f 1983, t h e r m a l s t ra t i f i ca t ion d e v e l o p e d a n d 
h y p o U m n e t i c waters b e l o w 8 m c o n t a i n e d v e r y h t t l e o x y g e n ( < 1.5%, 0.1 m g ~ ' ; A . M . 
P. E. O'Sullivan et al., Formation of sediments in Loe Pool 1387 
GREAVES, K . P . LACEY pers. c o m m . ) . I n f o r m e r t imes , w h e n the lake was s o m e w h a t 
deeper ( Z > 7 m) , th is m a y have happened e v e n m o r e f requen t l y . 
H o w e v e r , o n the deepest sed iment so far reco rded , a l t hough there are l a m i n a t i o n s , 
these do n o t con ta in layers o f b lack , r educed sed iment . D u r i n g the C 1 9 the re fo re , a 
change i n the (b io )geochemis t ry o f the P o o l t o o k p lace, l ead ing to the es tab l i shmen t , o n 
a seasonal basis, o f reduc ing c o n d i t i o n s . T h i s process a l o n g w i t h the na tu re o f t he l a m -
ina t i ons w i t h i n the b r o w n d a y w i l l be subject o f fu ture invest igat ions. 
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Annual laminations in the 
sédiments of Loe Pool, Corn>vall 
H. L. K. Simóla 
Karelian Institute, University of Joensuu, SF-80I01 Joensuu 10, 
Finland 
M. A. Coard & P. E. O'SuUivan 
Department of Environmental Sciences, Plymouth Polytechnic, 
Drake Circus, Plymouth, Devon PL4 8AA, U K 
Annually laminateci freshwater lacustrine sédiments have been 
recorded at several sites in central Europe'North America*"" 
and Fennoscandla''*'^ . The présence of laminations may reflect 
eîther (1) regular changes within the Iake ecosystem itself or (2) 
variation in the intensity of érosion and transport of material 
from the catchment, particularly where instability in the lake-
watershed system has occurred as a resuit of human activities^ .^ 
The principal cause of lamination is, therefore, seasonal varia-
tion of environmental conditions, particularly dimate. Lakes 
with laminated sédiments tend to be physically deep, exhibit a 
strong seasonal stratification, and be situated in areas of 
continental climate. We describe bere what we believe to be the 
first reported instance of a long séquence of laminated Iake 
sédiments from Great Britain. UnUke most of the previous 
examples, thèse bave been formed in a shallow, polymictic Iake, 
in an oceanic dimate. 
Loe Pool (Fig. 1) is a eutrophic freshwater lagoon at 
~4 m OD. 1 km south of Helston in south-west England (GR 
SW 648250, lat 50°4'N, long 5° ]7 'W) with an area of -44 
hectares and a mean depth of 4 m. Its catchment covers 
—50 km ,^ and is mainly farmland, with one major settlement 
(Helston, population —10,000). The main stream entering the 
pool is the River Gober, which drains —90% of the total 
catchment. In the nineteenth and early twentieth Century this 
area was the site of extensive mining opérations, principally for 
tin". 
Three sédiment cores were taken from beneath ~7 m of water 
at the location shown in Fig. 1, where studies (M.A.C, unpub-
lished data) indicate that an undisturbed conformable séquence 
of sédiments is available. One was obtained using a 3-m version 
of the Mackereth corer^ * and two with 1-m in situ freezing 
device '^. The Mackereth core was frozen at ~ - 2 0 ° C to 
preserve lamination. The surfaces of all cores were then cleaned 
while still frozen to facilitate description and photography of 
sédiment structures. The stratigraphy of the three cores was 
easily matched by using prominent marker horizons and 
characteristic séquences of laminations. 
The cores were then allowed to dry in the freezer for a few 
days to allow adhesive tape préparations to be made". These 
enable the fine structure of the sédiment to be examined, 
especially for changes in abundance of sub-fossil diatoms. The 
stratigraphy of the sédiment at the sampling site was: 
0^0 cm: Highly organic gyttja, with four or five pairs of light 
and dark brown laminations just below the sédiment sur-
face (0-5 cm), the test more homogeneous. 
40-120 cm: Irregularly laminated séquence containing red and 
grey clays alternating with darker layers. 
120-300 cm: More regularly laminated sédiment consisting of 
paired grey and black layers, average thickness 3 cm per 
pair. 
The sections 0-7.2 cm, 40-110 cm, 194-206 cm and 230-
242 cm were examined. Remains of diatoms, other algae and 
vivianite crystals were recorded in consecutive 200-JJLM fields. 
We shall concentrate bere on information obtained from the first 
and third sections, results being presented in Figs 2 and 3. 
In ail sections studied, diatom and other algal taxa appear in 
repeating séquences, the cyclic nature of which we attribute to 
seasonal algal production and sédimentation. It is therefore 
possible to define annual incréments of déposition, which cor-
respond closely with clearly visible stratigraphie changes. We 
can therefore identify laminations in thèse sédiments which are 
tnily annual in their nature. Interruptions to the séquence are 
mainly associated with the déposition of layers of day, some-
times massive, in which diatoms are relatively scarce, and which 
we consider to represent dilution of diatom influx by allo-
chthonous, clastic material. 
For example, in Fig. 2 (0-7.2 cm),.six phases (a-f) aie deñned. 
In each of thèse, Thalassiosira pseudonana and Cyclotella 
meneghiniana are succeeded by Asterionella formosa. Melosira 
granulata var. angustissima and then Melosira varians. In mon-
thly plankton sampling of the pool by one of us (M.A.C.) in 
1979, the first two taxa were prominent during spring and early 
summer, and the Melosira species in the autumn and winter. It is 
therefore considered that this sedimentary séquence records 
seasonal diatom succession in the pool, the Thalassiosira/ 
Cyclotella stages representing the spring and summer, the 
Asterionella/Melosira stages the autumn and winter. The 
appearance of Fragilaria spp, and 'other' (mainly sessile) dia-
toms in layers thought to represent the winter, would then be 
consistent with the idea of increased influx of sédiment from the 
littoral and the catchment during thèse months. Similarly, the 
summer abundance of Pediastrum boryanum in Iake plankton 
samples is recorded in summer laminations. Crystals of vivianite 
(Fe3(P04)2 • 8 H 2 O ) seem to be concentrated in some winter 
layers. This has also been observed in L o v o j ä r v i (Finland)'"". 
In this section, summer layers coincide with the lighter bands 
of sédiment, and winter layers with the darker. Below 5 cm, 
however, the sédiment structure and the diatom peaks are less 
well defined. Inspection of thèse and other cores indicates 
considerable bioturbation of the sédiments between 5 and 
40 cm. 
Figure 3 (194-206 cm) shows a section in which five peaks of 
diatom déposition (p-t) are separated by relatively barren 
layers. The most abundant taxa présent are Chaetoceros muel-
leri, Surrirella ovata and Synedra rumpens, which tend to appear 
Fig. 1 Loe Pool, Helston, Cornwall, showing depth contours 
(dashed line) and position of coring site (•). 
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Fig. 2 IR photograph of and resuits of diatom, other algal and vivianite crystal counts from the section 0-7.2 cm of frozen sediment from Loe 
Pool. 
in a sequence which denotes seasonal succession. On three 
occasions, maxima of these planktonic diatoms are immediately 
followed by peaks of Cyifa microcarpa {sensu Nygaard)". We 
interpret the planktonic diatom peaks, which coincide with 
darker bands of sediment, as representing the summer months, 
and the relatively barren layers, which correspond to the grey-
brown clays. and in which 'other' diatoms largely occur, as the 
winter. 
Figure 4 clearly shows that despite the oceanicity of the 
climate of this part of Europe, a pronounced winter maximum of 
rainfall and stream flow occurs, and that summer temperatures 
substantially exceed those of the winter. This contrast between 
the seasons seems sufficient to account for the formation of the 
Loe Pool laminations. 
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Fig. 3 IR photography, and resuits of diatom and Cysta micro-
carpa counts from the section 194-206 cm of a frozen sediment 
core from Loe Pool. Irregular, diagonal striations are caused by 
Ice-crystal formation during freezing of the Mackereth core. 
detail here (H.L.K.S. and M.A.C., in preparation), cover a 
period of only 7yr. Here a high proportion of the sediment 
consists of material originating as mining wastes, and peaks in 
planktonic diatoms are separated by as much as 20 cm of day in 
which diatom influx has been considerably diluted, thus indicat-
ing very rapid accumulation. We correlate this sequence with the 
most recent period of active mining in the catchment which 
ended in AD 1938. Within this section, two layers of red, 
haematite-rich day occur, the upper at 40-46 cm, the lower at 
65-70 cm. Documentation "^ shows that during the 1920s and 
1930s the pool was heavily polluted by mining wastes, often to 
the extent that discoloration of the waters occurred. We there-
fore conclude that the red day layers were deposited during this 
time. Between 1860 and 1920 active, but less intensive mining 
took place '^. Above 40 cm, laminations are not observed until 
~5 cm from the sediment surface. Here there are four or five 
laminations which are not visually prominent, but which are well 
defìned in the algal stratigraphy. Between 5 and 40 cm the 
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From 300 to ~ 120 cm these consist of pairs of black (summer) 
and grey-brown (winter) layers, recording increased inflow of 
clastic material in the winter months, covering a period of 
~60yr. Then, between 120 and 40 cm, massive day layers 
occur, which. according to diatom analysis not described in 
FIg. 4 a. Mean monthly streamflow (River Cober. 1970-79); 6, 
mean monthly rainfall (1941-70); and c, mean monthly tempera-
ture ( 1960-74) for the Loe Pool catchment. Streamflow data from 
the South West Water Authority gauging station at Helston, 
rainfall data from Wendron, and temperature data from RNAS 
Culdrose. 
Fig. 5 Scanning electron micrograph of Thalassiosira pseudonana 
Hasle et Heimdal from Loe Pool plankton samples. (Photograph 
Martin Coard.) 
sedirtient is considerably bioturbed, but '"Cs analysis shows 
that the 1963 peak lies between 14 and 16 c m depth. This 
suggests a mean accumulation rate for the section between 
16 cm and the sediment surface of Icmyr ', which is in 
agreement with the rate calculated from lamination counts just 
below the sediment surface. 
The section 0-40 c m , between the top of the upper haematite 
clay and the sediment surface, thus represents the period since 
1938, and has a mean accumulation rate very close to 1 cm yr" '. 
Together with a sedimentation rate of 80 cm in 7 yr for the 
section 40-120 cm (based on diatom stratigraphy), and of 
3 cm yr ' for the section 120-300 cm (based on lamination 
counts), this estimate allows us to conclude that the Loe Pool 
cores cover a period of ~ 110 yr. 
Between -1870 and -1920 the main cause of lamination 
seems to have been a steady inflow of mining wastes in winter. 
During the period of most intensive mining (1920-38) this 
increased to massive proportions (80 cm in 7 yr). Between 1940 
3 
and 1975 laminations were not formed. The presence of the 
remains of numerous burrows indicates that this was a phase of 
considerable benthic activity. The formation of laminations in 
very recent years is attributed to increased eutrophy of the pool, 
which has led to occasional instances of anoxia at the sediment 
surface during the summer months. These most recent lamina­
tions are therefore being produced in different conditions from 
those formed at an earlier date, which may in part account for 
colour difference between the respective summer and winter 
layers. 
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Fig. 1. Loe Pool, showing depth contours (m) and main coring 
site (asterisk). Inset map indicates the location of the lake's 
catchment area near the SW tip of Great Britain. 
Table l. Principal physical and hydrological characteristics of 
Loe Pool. 
Latitude 50 ° 04' N 
Longitude 5° 17'W 
Altitude 4 m OD 
Area (A) 55.6 ha 
Length (L) 1.25 km 
Breadth (B) 250 m 
Maximum depth {Z^^) 10.67 m 
Mean depth (Z) 3.47 m 
Relative depth (Z,)* 1.27 
Volume (V) 1.93 X 10« 
Mean hydraulic résidence time 20 days 
Area of drainage basin (D) 50km2 
D / A 98.9 
VA 
Sédiment stratigraphy and chronology 
The location of the main coring site is shown in 
Fig. 1. H è r e occur sédiments that are undisturbed 
either by the influence of the river Cober, or by 
marine incursions through Loe Bar. T h è s e appear 
to have taken place until the late nineteenth cen-
tury. 
The stratigraphy of the upper 3 m of Loe Pool 
sédiment has been reported by S i m ó l a et al. (1981), 
and by O'Sullivan et al. (1982). At the top of the 
sédiment are found 20-40 cm of dark brown clay-
gyttja, underlain by a thick layer of red and grey 
Fig. 2. Infra-red pholograph of a frozen sample of the upper-
most sédiments of Loe Pool. Junction between brown clay-gyt-
tja and red haematite-clay occurs in this section at 36 cm ( Photo-
graph: S. Johnson). 
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Abstract 
The sediments of Loe Pool, a eutrophic coastal lake in south west England, consist largely of laminated 
clays and clay-gyttjas. Studies of the diatom microstratigraphy of frozen sediment cores from the Pool 
indicate that the laminations are annual, and that they contain pairs of light and dark bands formed by 
seasonal variations in the supply of sediment to the Pool from its catchment. Analysis of the magnetic 
properties of individual laminations demonstrates the presence of physical and mineralogical microstratigra-
phic variations, which may also be related to seasonality. 
A varve chronology, which is confirmed by '^'Cs analysis and historical records, has been used to provide a 
timescale for the interpretation of data from other paleolimnological studies. A close agreement between 
variations in the abundance of sedimentary Sn, and the history of mining in the catchment, has been found. 
Similarly, analysis of total organic matter, total phosphorus, sedimentary chlorophyll a, sterols, diatoms and 
Cladocera in the uppermost sediments all indicate eutrophication of the Pool in the period AD 1940 to the 
present. 
Introduction 
The sediments of Loe Pool (Fig. 1), a small eu­
trophic coastal lake, 1 km south of the town of 
Helston, Cornwall (south-west England) are annu­
ally-laminated ( S i m ó l a a/. 1981). Here we present 
a summary of studies undertaken so far on the 
paleolimnology of the Pool, which was originally 
formed by the damming of the mouth of the river 
Cober by a shingle bar. The morphometry of the 
present basin is shown in Fig. 1 and the major 
physical and hydrological characteristics of Loe 
Pool and its catchment are listed in Table 1. 
Most of the northern half of the catchment is 
underlain by the Carnmenellis granite, with which 
several areas of former mining, especially for cassi-
terite (SnO,), are associated. The major contem-
Hydrobiologia 103, 185-191 (1983). 
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porary economic activity is farming and the main 
town in the catchment is Helston (population ~ 
10 000). A further important centre of population is 
the military base of RNAS Culdrose, commissi­
oned in 1947. 
In a number of recent years, visible blooms of 
green {Chlorella, Volvox spp.) and blue-green (Mi­
crocystis aeruginosa) algae have appeared in Loe 
Pool. The lake receives from its catchment some 
300 t N and 14 t P a ' . About 75% of the N comes 
from agricultural run-off, and —80% of the P from 
two sewage treatment works, serving Helston and 
Culdrose. The main taxa present in the phyto-
plankton are characteristic of eutrophic lakes. In 
August, total chlorphyll a levels in the water 
column may exceed 500 pg 1"' in sheltered parts of 
the lake. 
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Fig. I. Loe Pool, showing depth contours (m) and main coring 
site (asterisk). Inset map indicates the location of the lake's 
catchment area near the SW tip of Great Britain. 
Table l. Principal physical and hydrological characteristics of 
Loe Pool. 
Latitude 50 ° 04' N 
Longitude 5° 17-W 
Altitude 4 m O D 
Area (A) 55.6 ha 
Length (L) 1.25 km 
Breadth (B) 250 m 
Maximum depth (Z^^^) 10.67 m 
Mean depth (Z) 3.47 m 
Relative depth (Z )^* 1.27 
Volume (V) 1.93 X lO'-mJ 
Mean hydraulic résidence time 20 days 
Area of drainage basin (D) 50 km2 
D / A 98.9 
*Zr = 5 0 Z ^ , , ^ , , , J _ , 
x/A 
Sédiment stratigraphy and chronology 
The location of the main coring site is shown in 
Fig. 1. Here occur séd iments that are undisturbed 
either by the influence of the river Cober, or by 
marine incursions through Loe Bar. T h è s e appear 
to have taken place until the late nineteenth cen-
tury. 
The stratigraphy of the upper 3 m of Loe Pool 
sédiment has been reported by Simóla et al. (1981), 
and by O'Sullivan et al. (1982). At the top of the 
sédiment are found 20 40 cm of dark brown clay-
gyttja, underlain by a thick layer of red and grey 
Fig. 2. Infra-red photograph of a frozen sample of the upper-
most sédiments of Loe Pool. Junction between brown clay-gyt-
tja and red haematite-clay occurs in this section at 36 cm ( Photo-
graph: S. Johnson). 
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clay. In some cores, the uppermost, highly organic, 
section is laminated throughout (Fig. 2). In others, 
a bioturbated layer, corresponding approximately 
to the 1960's, occurs. The dark-brown layers re­
present the winter months and the light brown, 
which are more diatomaceous, the summer ( S i m ó l a 
etal. 1981). 
The red colour found in the irregularly laminated 
clayey section below is due to the presence of hae­
matite (FcjO,). At one of the former mines in the 
Cober catchment, that known as Bassett and Grylls/ 
Porkellis United, the cassiterite ore was embedded 
in a ground rock (or mundic) rich in this mineral. 
Several newspaper and other accounts dating from 
the 1920'sand 1930's (Hamihon-Jenkins 1978) des­
cribe the Pool as being completely discoloured by 
mine waste material, rich in haematite, which was 
discharged into the River Cober. We therefore 
correlate haematite layers in the cores with periods 
of activity at this mine. 
Basset and Grylls was closed in 1938, and since 
1940, no mines have operated in the Cober catch­
ment. The transition between the uppermost layer 
of haematite clay, which is a very prominent marker 
in Loe Pool sediments, and the overlying brown 
clay-gyttja can thus be dated to AD 1938. 
The mean sediment accumulation rate of the 
clay-gyttja is therefore ca. 1 cm a"'. The peak of 
i"Cs activity (cL Pennington et al. 1973) of AD 
1963, lies at ~16 cm in this core, halfway between 
the top of the uppermost haematite clay, and the 
present sediment surface. 
Deposition of the red and grey clays was very 
much more rapid. In all, only eight years are repres­
ented by ca. 80 cm of sediment. Below these are 
regularly laminated black/grey clays that accumu­
lated at ~3 cm a"'. In total therefore, a 3 m core 
from Loe Pool sediment may represent only the last 
100-120 a. 
Using the red clay as a marker, O'SuUivan et al. 
(1982) investigated the distribution of these three 
sediment types throughout Loe Pool. They found 
the average thickness of the clay-gyttja to be 35 cm, 
and that of the uppermost red haematite clay to be 
20 cm. The depth of the black/grey clay is, as yet, 
unknown. 
By calculating dry matter and ash content of each 
type of sediment, it is possible to show that the 
brown clay-gyttja represents the accumulation of 
some 18 t dry matter ha"' a"' over the basin of the 
Pool. This is the equivalent to the erosion of some 
20 t km"^ a ' of mineral matter from the Cober 
catchment as a whole. 
During the 1930's, however, when mining was 
intensive, accumulation equalled 440 t dry matter 
ha"' a"', and erosion rates some 450-5501 km"^ a"'. 
The latter figure is however, probably a considera­
ble overestimate of the general soil erosion level, as 
the main sources of matter during this period were 
very small mining areas. In the late nineteenth cen­
tury the dry matter accumulation rate in the Pool 
was 1631 ha" ' a" ', and the average erosion rate 2361 
km"2 a ' from the catchment. 
Magnetic studies 
Figure 3 illustrates the results of single-sample 
analysis of two cores of Loe Pool sediment for 
magnetic susceptibility (x). On the right of the dia-
gram is shown analysis of a I m Mackereth core, on 
the left analysis of a frozen sediment section taken 
using the 'box-freezer' sampler (Huttunen & Meri-
lainen 1978). In each case the position of the top 
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Fig. 3. Magnetic susceptibility (x) of single samples from two 
cores of Loe Pool sediment. 
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and bottom of the uppermost red haematite clay is 
shown. 
In both cores, x r'ses to a m á x i m u m at the top of 
the red clay, but then falls sharply to a m í n i m u m , 
particularly in the Mackereth core. A pronounced 
peak in x, associated with a black (summer) layer 
then occurs. At the base of the red clay, x again 
reaches a m á x i m u m . These results suggest that x 
may be used to identify precisely the location of the 
red clay layer in whole cores, and thus allow re-
fmement of investigations such as that of sedimeii-
tation in the Pool described above. 
At the top of the frozen section, a series of fluc-
tuations in x are associated with colour changes in 
the Sediment-. Peaks in x are correlated with the 
paler (summer) layers, and minima with the darker 
(winter) laminations. Similarly, in the lower parts 
of both this section, and the Mackereth core, peaks 
in X are associated with summer layers, and minima 
with winters. It may therefore be that magnetic 
Parameters may be used to identify seasonal 
changes in sediment composition associated with 
lamination formation. 
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Fig. 4. XRFanalysisof lOcmsegments of a 3 m Mackereth core 
from Loe Pool for Sn. 
Tin (Sn) concentration 
The Sn content of lOcmsections of the same 3 m 
core as analysed by S i m ó l a et al. (1981) was mea-
sured using the technique of X-ray fluorescence 
(XRF). A ^i'Am source,at 60 keV was employed. 
Results are shown in Fig. 4. 
In the organic clay-gyttja (0-40 cm), Sn v a l ú e s 
are relatively low (<l 000 ppm), but in the red 
haematite-clay (80-140 cm) they rise to a peak of 
~6 400 ppm. According to the varve chronology 
outlined above, this peak corresponds to A D 
1925-1936, which coincides with the last docu-
mented phase of mining. Sn valúes then fall to 
~3 600 ppm (below 140 cm), except for a peak of 
>35 000 ppm (3.5%!) at 200 ± IG cm. This peak 
dates from the period AD 1900-1910, when mines 
were very active in the Cober catchment. Finally, at 
the base of the core, in the period AD 1870-1876, a 
peak of ~6 000 ppm occurs. This is the earliest 
period represented here, and one in which the grea-
test number of mines ever (28) were active in the 
Cober catchment. 
There is thus a very close agreement between the 
results of X R F analysis for Sn, the varve chronol­
ogy of the Loe Pool Sediments, and the mining 
history of the catchment. The results confirm ideas 
about the origin of haematite-clays as mine wastes, 
and d e m ó n s t r a t e the potential of XRF as a paleo-
limnological technique. 
Organic geochemistry 
Analysis of a 1 m Mackereth core for total organ­
ic matter (TOM), sedimentary Chlorophyll a, and 
also total phosphorus {P^g^) are shown in Fig. 5. 
The results indícate that since A D 1938, T O M , 
sedimentary Chlorophyll a, and have all signifi-
cantly increased. We Interpret these results as indi-
cating higher internal P loading, and increased 
productivity of the Pool, in the period since A D 
1940, as a result of greater nutrient inputs from its 
catchment. 
At present, the precise cause of eutrophication of 
Loe Pool is uncertain. Inorganic fertilisers have 
been used in the area since the 1940's, and Heiston 
sewage treatment works was first opened in 1930, 
extended in 1959, and again in 1974. Before that 
time, untreated sewage from the town was dis-
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Fig. 5. Organic matter percentage, sedimentary chlorophyll a, total phosphorus (P,^ ,) and total sterol concentration in a 1 m Mackereth 
core from Loe Pool. 
charged directly into the Cober, and even in AD 
1900, was the cause of unpleasant odours (Vallentin 
1903). RNAS Culdrose, which has a separate sew­
age works, was commissioned in 1947. 
Eutrophication of Loe Pool over the last few 
decades is also suggested by analysis of sediment 
cores for sterols using both gas-liquid chromato­
graphy (GLC) and computerised gas chromato­
graphy mass-spectrometry (GCMS). 
Different sterols or groups of sterols may be 
characteristic of various groups of organisms 
(Huang & Meiiischein 1979). In particular, it has 
been shown that C27 sterols, which are produced by 
phytoplankton, are more abundant in the sedi­
ments of eutrophic lakes (Gaskell & Eghnton 1976) 
and that C29 sterols are more characteristic of 
higher plants. 
In cores of both frozen and unfrozen sediments 
from Loe Pool, a total of 14 sterols were identified. 
The majority of these were 0,9 sterols, which sug­
gests considerable allochthonous input of organic 
matter into the sediment. Total sterol abundance 
increases from < 100 fig gdw"' in the red and grey 
clays, to over 350 fig gdw"' near the sediment sur­
face, (Fig. 6). However, this distribution may be 
due as much to degradation of sterols below the 
sediment surface, as to any real increase in the 
original concentrations. More significant is the 
finding that the ratio of 027:029 sterols increases in 
the upper parts of the clay-gyttja (Fig. 7). This 
strongly suggests an increase in the internal produc­
tivity of the Pool in the period since AD 1940. 
Figure 6 also shows the results of analysis of the 
sterol content of some individual laminations. 
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Fig. 6. Relative proportions of C , , , Cig and C , , sterols in various 
strata of the sediment of Loe Pool. 
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Fig. 7. Summary diagram of diatom stratigraptiy of the upper-
most sediment of Loe Pool. 
Again, an increase in the proportion of C 2 7 sterols is 
shown in the 'summer' laminations. This is consist-
ent with the idea that this part of each lamination is 
deposited in the growth season for phytolankton 
( S i m ó l a et al. 1981). 
20 
u 
Z HON-CHYDORID CLADOCERA 
iffl 60 SO 100 
ÜEPTH (cm) 
10 -
20 -
30 -
60 -
70 
30 
Fig. 8. Percentage of non-Chydorids (black column) of total 
Cladoceran remains at various levéis in a 1 in Mackereth core 
from Loe Pool. 
Diatom analysis 
A summary of results of an adhesive tape analysis 
of the uppermost sediments of Loe Pool are shown 
in Fig. 7. The analytical methods employed are 
identical to those of S i m ó l a (1977). 
The results show that in about 1940 a change in 
the diatom flora of the Pool occurred, with the 
replacement of Synedra rumpens as the most 
abundant diatom by Asterionellaformosa. During 
the 1950's & 60's faxa such as Synedrapulchella, S. 
acus, S. ulna, Cocconeis placentula, Surirella ca-
pronìi, Nitzschia spp. and Pinnularia spp. gradual-
ly became less abundant, and were replaced by 
Thalassiosira pseudonana, Cyclotella meneghinia-
na, and also the green algae Pediastrum spp. and 
Scenedesmus sipip. Finally, in 1968, Melosiragranu-
lata var. angustissima increased rapidly in abun-
dance, Scenedesmus became rare, and Cyclotella 
meneghiniana and Asterionella formosa declined. 
We interpret these changes as indicating eutrophi-
cation of the Pool, in association with increased 
nutrient loadings. 
Cladoceran analysis 
Results of analysis of Cladoceran remains are 
summarised in Fig. 8. The methods of extraction 
and counting employed were those described by 
Frey ( 1979). As in the case of the diatom analysis, a 
major change in the Cladoceran fauna of the Pool 
took place in the 1950's, when the proportion of 
non-Chydorid Cladocera present increased from 
<50% to over 60% of the total present. In the top-
most sediments (I970-I980), non-Chydorids con-
stitute 70-90% of the total. In the lower part of the 
core (below 40 cm), the main taxa encountered were 
Chydorus sphaericus. Alona sp. and Daphnia ci. 
longispina. In the upper sediments, however, Bos-
mina species, both longirostris and coregoni, are 
abundant. Again this result confirms the idea that 
the Pool has become more eutrophic in recent de-
cades. 
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